ABSTRACT: Application of alternative feedstuffs in swine diets will be dependent on characterization of their nutritive value. In 2 experiments, we determined the AA and energy utilization of Manitoba-grown zero-tannin faba beans (ZTFB) and co-fermented wheat and corn dried distillers grains with solubles (wcDDGS). Corn dried distillers grains with solubles (cDDGS) was also included for comparison. In Exp. 1, 6 ileal cannulated barrows (29.3 ± 1.3 kg) were fed 3 diets in a replicated 3 × 3 Latin square design to determine the apparent (AID) and standardized (SID) ileal digestibility of AA. The 3 diets contained ZTFB, wcDDGS, or cDDGS as the sole source of AA. The SID of N and AA were calculated using published values for ileal endogenous N and AA losses from our laboratory. In Exp. 2, 12 intact barrows (22.5 ± 1.1 kg) were fed 4 diets in a two 15-d period crossover design to determine DE and ME contents of the test ingredients by difference method. The diets were a basal cornbased diet or the basal diet with corn replaced by 46% ZTFB, wcDDGS, or cDDGS. The concentrations (DM basis) of GE (kcal/kg), CP (%), and Lys (%) in ZTFB were 4,144, 27, and 1.6, respectively, and corresponding values for wcDDGS were 5,112, 31, and 0.8. The ZTFB had greater (P < 0.05) SID of Lys (87%) compared with wcDDGS (72%) and cDDGS (68%); as a result, the SID content (g/kg DM) of Lys in ZTFB (13.5) was greater (P < 0.05) than that of either wcDGGS (6.03) or cDDGS (6.68). The dried distillers grains with solubles (DDGS) samples had greater (P < 0.05) SID and contents of sulfur AA (Met and Cys) compared with ZTFB. The ME content (kcal/kg DM) of ZTFB (3,548) was less (P < 0.05) than that of cDDGS (3,851) whereas the ME content of wcDDGS (3,669) was similar to that of ZTFB or cDDGS. The results showed that ZTFB has greater digestible Lys whereas wcDDGS has greater digestible sulfur AA but both ingredients have comparable ME content. Therefore, a blend of these 2 ingredients can serve as an excellent source of AA and energy for swine.
INTRODUCTION
The swine industry is constantly being presented with alternative feedstuffs developed to be low in certain antinutritive factors and co-products from modifi ed processing methods [e.g., low-tannin faba beans and dried distillers grains with solubles (DDGS) from cofermentation of different grains]. Characterizing the nutritive value of these alternative ingredients might stimulate their adoption in swine diets (Kiarie and Nyachoti, 2009) .
Use of faba bean (Vicia faba) in swine diets has been limited by increased concentrations of condensed tannins (Jansman, 1993) . However, efforts in crop breeding have resulted in white fl owered cultivars with reduced condensed tannin concentration (<1%), referred to as zero-tannin faba bean (ZTFB; Duc et al., 1999) . In recent years, producers in western Canada have increased the acreage of ZTFB, effectively increasing availability for the swine industry (Zijlstra et al., 2008) . The standardized ileal digestible (SID) AA and DE of ZTFB have been reported in limited studies in swine (Zijlstra et al., 2008; Jezierny et al., 2011) . Furthermore, the SID AA and ME value of Manitoba-grown ZTFB have not been reported.
In North America, corn is the main feedstock for ethanol production and the nutritive value of resulting corn DDGS (cDDGS) has been extensively evaluated (Stein and Shurson, 2009 ). However, western Canada government subsidy programs mandate some level of wheat as part of feedstock in ethanol production thus availing co-fermented wheat-corn DGGS (wcDDGS). The AA digestibility and DE content of wcDDGS have been reported in a few studies (e.g., Yang et al., 2010) . However, successful application of wcDDGS in swine diets will be dependent on expanding database to document variability in the nutritive value as expected in processed feedstuffs such as DDGS (e.g., Stein and Shurson, 2009) . Therefore, in the present study, we evaluated SID AA and ME of ZTFB grown in Manitoba and wcDDGS. Also, we included cDDGS for comparison purpose.
MATERIALS AND METHODS
All animals and experimental procedures were approved by the University of Manitoba Animal Care Committee and followed the principles established by the Canadian Council on Animal Care (CCAC, 2009) .
Zero-tannin faba beans (harvested in 2010; Pulse Growers Association of Manitoba, Winnipeg, MB, Canada), wcDDGS (Husky Energy, Lloydminster, AL, Canada), and cDDGS (a local supplier; originally from North Dakota) were procured accordingly.
Experiment 1
The experiment was conducted to determine apparent ileal digestible (AID) and SID N and AA and AA contents of ZTFB, wcDDGS, and cDDGS fed to growing pigs. Six barrows [Newsham GPK34T (dam) × Newsham EBx (sire)] with an average initial BW of 29.3 ± 1.3 kg were surgically fi tted with a T-cannula at the distal ileum as described by Nyachoti et al. (2002) . Pigs were housed individually in pens (1.5 m by 1.2 m) with smooth sides and plastic covered expanded metal fl ooring in a temperature-controlled room (22 ± 2°C).
The experimental diets included a cornstarch-based diet with ZTFB, wcDDGS, or cDDGS as the sole source of AA (Table 1 ). All diets contained titanium dioxide (0.3%) as an indigestible marker and energy, vitamins, and minerals met or exceed requirement estimates for growing pigs (NRC, 1998) . The experiment was conducted as a replicated 3 × 3 Latin square design with 6 replicates per diet. Each period consisted of 10 d; the fi rst 8 d were for adaptation and the last 2 d for ileal digesta collection. Pigs were weighed at the beginning of each period and allowed to consume 4% of BW in 2 equal meals offered at 0800 and 1600 h as a dry mash (Kiarie and Nyachoti, 2007) . Ileal digesta was collected continuously for 12 h (0800 to 2000 h) on d 9 and 10 as described by Nyachoti et al. (2002) . Digesta were collected into plastic bags attached to the barrel of the T-cannula by a hose clamp. Collection bags contained 10 mL of 10% (vol/vol) formic acid to minimize bacterial activity. Every 1 to 2 h, the collected digesta were removed and stored at -20°C until processed.
Experiment 2
The experiment was conducted to determine apparent total tract digestibility (ATTD) and apparent retention of nutrients and DE and ME contents of ZTFB, wcDDGS, and cDDGS fed to growing pigs. The diets were a basal corn-based diet and the basal corn diet replaced by 46% ZTFB, wcDDGS, or cDDGS (Table 1 ). The basal diet was used for determining total tract digestible nutrient content by the difference method (Adeola, 2001) . Vitamins and minerals were supplemented to meet or exceed requirement estimates for growing pigs (NRC, 1998) . A total of 12 barrows (similar genotype to Exp. 1) with an initial BW of 22.5 ± 1.1 kg were housed individually in adjustable metabolism crates (1.8 by 0.6 m) with smooth transparent plastic sides and plastic-covered expanded metal sheet fl oor. The room temperature was maintained at 22 ± 2°C throughout the experiment. The 4 diets were fed in a 2 period crossover design to give 6 replicates per diet. The feeding level and schedule were similar to those described for Exp. 1. The experimental period lasted for 15 d; the fi rst 10 d were for adaptation and the last 5 d were for separate and total collection of feces and urine using procedures described by Woyengo et al. (2010) . Briefl y, on d 11, each pig received 5 g of ferric oxide (as an indigestible marker) in 100 g of feed that was fed in the morning. The remaining portion of the morning feed was offered after all the marked feed was consumed. Fecal collection commenced when the marker appeared in feces. On the morning of d 15, pigs were offered 100 g of marked feed as described before, and collection of feces was terminated when the marker appeared in feces. Total collection of urine commenced on the morning of d 11 and ended on the morning of d 15. Feces were collected once daily in the morning, weighed, and stored frozen at -20°C. Urine was also collected once daily in the morning (in jugs containing 10 mL of HCl to minimize N losses) and weighed, and a sample (10% of the total weight) was obtained, strained through glass wool, and stored frozen at -20°C
Sample Preparation and Chemical Analyses
Ileal digesta samples were lyophilized whereas fecal samples were dried in an oven at 60°C for 4 d, weighed, and pooled on pen basis. Samples of test ingredients, diets, feces, and ileal digesta were fi nely ground in a coffee grinder (CBG5 Smart Grind; Applica Consumer Products, Inc., Shelton, CT) and thoroughly mixed for analysis. Urine samples were thawed and pooled for each pig for analysis. All samples were analyzed for DM, GE, and N. Test ingredients, diets, and ileal digesta samples were further analyzed for AA. Titanium was assayed in diets and ileal digesta samples from Exp. 1. For DM and GE analyses in urine, 1 mL of each sample was mixed with 0.5 g of cellulose and the weight of the resulting mixture recorded. The urine-cellulose mixtures together with samples of pure cellulose (without urine) were oven dried at 50°C for 24 h. The DM and GE contents were then determined on the dried urine-cellulose mixtures and samples of pure cellulose, and the contents of the same in urine were calculated by the difference method (Fleischer et al., 1981) .
Dry matter was determined (method 925.09; AOAC, 1990) and GE was determined using an adiabatic oxygen bomb calorimeter (Parr Instrument Co., Moline, IL) using benzoic acid as the calibration standard. Crude protein (N × 6.25) was determined by the combustion method (method 990.03; AOAC, 1990) using combustion analyzer (Model CNS-2000; Leco Corp., St. Joseph, MI) and EDTA as a calibration standard. Samples for AA analysis were prepared by acid hydrolysis (method 982.30; AOAC, 1984) as modifi ed by Mills et al. (1989) . Briefl y, about 100 mg of each sample was digested in 4 mL of 6 N HCl for 24 h at 110°C followed by neutralization with 4 mL of 25% (wt/vol) NaOH and cooled to room temperature. The mixture was then equalized to 50 mL volume with sodium citrate buffer (pH 2.2) and analyzed using an AA analyzer (Sykam GmbH, Fürstenfeldbruck, Germany). Samples for analysis of sulfur containing AA (Met and Cys) were subjected to performic acid oxidation before acid hydrolysis. Tryptophan was not determined. Samples for Ti analysis were ashed and digested according to the procedures described by Lomer et al. (2000) and read on an inductively coupled plasma mass spectrometer (Varian Inc, Palo Alto, CA). The ZTFB, wcDDGS, and cDDGS samples were analyzed for NDF and ADF according to the method of Van Soest et al. (1991) using α-amylase (Sigma No. A3306; Sigma Chemical Co., St. Louis, MO) and sodium sulfi te and were corrected for ash concentration (Ankom 200 Fiber Analyzer; Ankom Technology, Fairport, NY).
Condensed tannin in ZTFB samples was assayed (A. E. Hagerman, Department of Chemistry and Biochemistry, University of Miami, FL). Briefl y, an acid butanol method (Porter et al., 1986) , standardized with purifi ed sorghum procyanidin (condensed tannin; Hagerman and Butler, 1980) , was used. Triplicate samples of ground ZTFB were extracted with 70% acetone [acetone to water, 7:3 (vol/vol)] using 3.00 mL solvent for 500-mg sample. Samples were centrifuged (3,000 × g for 10 min at room temperature) and up to 1 mL of the extract was added to 5.00 mL acid butanol plus 200 μL of iron reagent. Color was developed by heating at 100°C for 60 min, and absorbance was determined at 550 nm. The procyanidin standard was dissolved in 70% acetone and used to generate a calibration plot relating absorbance to mass of procyanidin.
Calculations and Statistical Analysis
The AID, ATTD, apparent energy and nutrient retention, and DE and ME contents were calculated using standard procedures (Adeola, 2001) . Standardized ileal digestibility (%) of N and AA were estimated using this equation:
in which NEL is the nonspecifi c endogenous loss of N or AA obtained from feeding a low-protein (5%) caseinbased diet to growing pigs (mg/kg DMI) and NDiet is the dietary content of N or AA (mg/kg DMI). The endogenous ileal N and AA losses (mg/kg DMI) used to calculate the SID values were N, 3, 083; Arg, 449; His, 335; Ile, 438; Leu, 574; Lys, 335; Met, 126; Phe, 315; Thr, 713; Val, 559; Ala, 668; Asp, 991; Cys, 289; Glu, 1, 501; Gly, 1, 997; Pro, 6, 987; and Ser, 871 . These values are averages from 5 independent studies conducted in our laboratory (Opapeju et al., 2006; Kiarie and Nyachoti, 2007; Lan et al., 2008; Woyengo et al., 2010; Yang et al., 2010) . The mean BW of pigs used in these studies ranged from 26.8 to 82.0 kg.
Data were analyzed using GLM procedures (SAS Inst. Inc., Cary, NC). The model contained the fi xed effects of the diet and the random effects of the pig and period. An α level of 0.05 was used to determine statistical signifi cance.
RESULTS AND DISCUSSION

Chemical Composition
The assayed condensed tannin in ZTFB sample was 0.05 ± 0.01. The analyzed composition of diets and feed ingredients is presented in Tables 2 and 3 , respectively. Concentration of GE (4,144 kcal/kg DM; Table 3) in ZTFB was less than a previously reported value (4,527 kcal/kg DM) for ZTFB sample originating from Alberta (Zijlstra et al., 2008) . The CP content of ZTFB sample in the present study was within the range of 24 to 33% DM reported for Alberta-grown ZTFB (Zijlstra et al., 2008) but out of range of 31 to 34% DM reported for European-grown ZTFB (Jezierny et al., 2011) . The indispensable AA contents (% DM) ranged from 0.18 for Met to 2.03 for Arg. These values were comparable with reported values of ZTFB samples (Zijlstra et al., 2008; Jezierny et al., 2011) but greater than values reported for high-tannin faba beans (4.4%) that ranged from 0.08 for Met to 1.00 for Arg (MariscalLandín et al., 2002) . The low levels of sulfur AA content in grain legumes such as faba beans and peas is a well-known phenomenon and has been linked to the nature of the main storage proteins, globulins (Castell et al., 1996) . Globulins in grain legumes are characterized by low levels of sulfur AA (Baudoin and Maquet, 1999) . Generally, except for Arg and Lys, ZTFB had low concentrations of GE, N, and AA relative to DDGS samples.
The composition of DDGS samples were comparable with respective values reported for wcDDGS (Yang et al., 2010) and cDDGS (Spiehs et al., 2002; Yang et al., 2010) . The difference in CP content between wcDDGS and cDDGS was 2.7% units and was consistent with our previous report comparing wcDDGS from the same ethanol plant and cDDGS sourced from United States (Yang et al., 2010) . The comparable composition of the wcDDGS sample used in the present study and that used in our previous study (Yang et al., 2010) indicates consistency of grain mix and processing methods at the source plant. The difference in AA contents in the wcDDGS and cDDGS samples was less than 0.5% units except for Glu, which was greater in wcDDGS, consistent with the fact that Glu is high in wheat gluten proteins (Woychik et al., 1961) .
Experiment 1
All pigs remained healthy throughout the experimental period and readily consumed their daily feed allowance. In growing pigs, ileal AA digestibility values should be compared under standardized conditions with a dietary CP content that is equal to or exceeds threshold value of 16% among the test diets (Fan et al., 1994; Nyachoti et al., 1997) . This way, the differing proportions of endogenous N contributions may only be attributable to specifi c ingredient characteristics (Nyachoti et al., 1997; Stein et al., 2007) . The test diets in the present study were formulated to contain more than 18% CP and this was confi rmed by analysis of the feed samples (Table 2) ; therefore, AA digestibilities for the test ingredients can be compared. The AID of N and AA in ZTFB, wcDDGS, and cDDGS are shown in Table 4 . In general, ZTFB had greater (P < 0.05) AID for Arg and Lys than DDGS samples whereas DDGS had greater (P < 0.05) AID for Leu, Met, and Phe than ZTFB. These differences might have been due to greater intake of respective AA as refl ected in the concentration of these AA in the ZTFB and DDGS samples.
The values of the AID of indispensable AA in ZTFB was such that Arg (89%) ranked the greatest and Met and Thr (74%) ranked the lowest. The AID of indispensable AA in ZTFB were comparable to the values reported for ZTFB (Zijlstra et al., 2008) but greater than values reported for high-tannin faba beans (4.4%; Mariscal-Landín et al., 2002) . These observations indicate improved AA digestibility because of reduction of tannin (Jansman, 1993) . There were no differences in the AID of indispensable AA between the DDGS samples, which was in agreement with previous reports (Widyaratne and Zijlstra, 2007; Yang et al., 2010) .
Determination of the SID of N and AA from AID values by applying ileal basal endogenous fl ow correction is now a widely accepted practice for evaluating AA in feedstuffs for swine . However, this practice can inevitably underestimate true ileal AA digestibility in feedstuffs with relatively high antinutritional factors and fi ber contents because the basal endogenous AA and N losses are much less than those losses that are uniquely associated with specifi c test feeds. For example, high fi ber and the presence of antinutritional factors can result in specifi c AA losses that are greater than that of the total endogenous AA fl ow that occurs in low-fi ber diets (Schulze et al., 1995) . It is important to consider those feedstuff-specifi c characteristics when comparing SID between feedstuffs . The differences between ZTFB and DDGS samples in terms of SID of indispensable AA (Table 5) followed the same trend as AID values of indispensable AA. However, it is noteworthy that SID values for Pro in all diets were greater than 100%, indicating an overestimation of Pro endogenous fl ow. Indeed, high and variable endogenous Pro recoveries constitute a well-known phenomenon (Moughan and Schuttert, 1991; Furuya and Kaji, 1992) . The range of SID for the indispensable AA (84% for Met to 95% for Arg) in ZTFB was greater than the European ZTFB samples (77% for Met to 90% for Arg; Jezierny et al., 2011) . Condensed tannins were not detected in ZTFB used in either study; therefore, these differences in SID of AA might have been due to variation in other chemical characteristics not assayed in the present study, such as fi ber that may infl uence AA digestibility (Nyachoti et al., 1997) . Interestingly, the SID of indispensable AA was comparable with that of fi eld pea (NRC, 1998), indicating comparative AA digestibility in ZTFB and fi eld pea.
There was no difference between SID of indispensable AA in DDGS except SID for Arg and Lys, which were greater in wcDDGs than cDDGS. Among the indispensable AA, the SID of Lys (72 and 68%) and Thr (85 and 84%) were the lowest in wcDDGS and cDDGS, respectively, whereas the values for Arg (92 and 91%), Leu (91 and 92%), Met (90 and 90%), and Phe (89 and 89%) were the greatest. Although similar ranking for these AA was reported by Stein and Shurson (2009) et al. (2010) for wcDDGS, the SID values for the present study were greater than the aforementioned studies. For example, Yang et al. (2010) reported SID of Lys (50%), Thr (61%), Arg (76%), Leu (81%), Met (83%), and Phe (83%) for wcDDGS and SID values of Lys (62 and 57%), Thr (69 and 74%), Arg (78 and 83%), Leu (76 and 88%), Met (75 and 87%), and Phe (75 and 84%) for cDDGS (Stein and Shurson, 2009; Yang et al., 2010, respectively) . These observations indicate that technological advances in ethanol production and processing of the resulting DDGS have enabled production of DDGS with superior nutritive value for swine than DDGS produced with old technology (Shurson et al., 2004; Singh et al., 2007) . However, Lys digestibility is still low in the new generation DDGS despite the improvements in the drying process and warrants further studies to identify the causes for the low SID values for this important AA.
Lysine is often the fi rst limiting AA in swine diets and, therefore, nutritionists pay particular attention to this AA when formulating pig diets (NRC, 1998). Zero- tannin faba beans had twice (P < 0.05) the amount of SID Lys content compared with DDGS samples (Table 6 ). In turn, the DDGS samples had more than twice (P < 0.05) the amount of sulfur AA (Met and Cys) than in ZTFB. The SID content of Lys (13.5 g/kg DM) in ZTFB was less than that reported for Albertagrown ZTFB (17.8 g/kg DM; Zijlstra et al., 2008) . This difference might be due to the fact that in the study of Zijlstra et al. (2008) , ZTFB had greater Lys content (2.0 vs. 1.6%) and used heavier pigs (>55 kg BW) and, thus, greater AID of Lys (85.9 vs. 83.2%) than in the present study. Nonetheless, the ZTFB sample used in the present study had comparable SID AA to fi eld pea (NRC, 1998) . The SID content of His, Leu, Lys, Met, and Thr were high (P < 0.05) in cDDGS than wcDDGS, and this was indicative of high concentration of these AA in cDDGS.
Experiment 2
The ATTD of GE and N was greater (P < 0.05) for ZTFB compared with wcDDGS and cDDGS, which were, in turn, similar (Table 7) . However, because of greater GE content in DDGS, the DE (Kcal/DM) of ZTFB (3,658) was less (P < 0.05) than that of either wcDDGS (3,881) or cDDGS (3, 964) . The ATTD of GE in ZTFB was similar to the value (89%) reported by Zijlstra et al. (2008) . However, the DE content of the ZTFB sample in the present study differed with that reported by Zijlstra et al. (2008; 4,007 kcal/kg DM) . This might have been due to differences in chemical characteristics such CP, starch, fi ber, and fat inherent to the specifi c samples used. For example, the CP of the sample used by Zijlstra et al. (2008) was 32 vs. 27% DM in the present study. The DE value of wcDDGS were less than values for wheat DDGS (4, 020 kcal/kg DM) or wcDDGS (4, 038 kcal/kg DM; Widyaratne and Zijlstra, 2007) but within the range (2,825 to 3,877 kcal/kg DM) of wheat DDGS samples fed to growing pigs (Cozannet et al., 2010) . The DE value of cDDGS was close to DE value (4,140 kcal/ kg DM) reported by Pedersen et al. (2007) .
Although ZTFB had greater (P < 0.05) apparent retention of GE than DDGS samples, the ME content for ZTFB was less (P < 0.05) than DDGS samples (Table 7) . The ME content (3,548 kcal/kg DM) in ZTFB was comparable with ME of fi eld pea (3,607 kcal/kg DM), faba bean (3,500 kcal/kg DM), and solvent extracted soybean meal (3,573 kcal/kg DM; NRC, 1998). The ME values of DDGS were comparable to ME values reported for wheat DDGS (Cozannet et al., 2010) and cDDGS (Pedersen et al. (2007) .
Grain legumes such as faba beans are considered as protein supplements; however, the present data indicate ZTFB can be a valuable energy source. Zero-tannin faba beans had highly digestible Lys and ME whereas wcDDGS had highly digestible sulfur AA and energy. Therefore, a blend of these 2 ingredients can serve as excellent source of AA and energy for swine. Within a row, means with different letters differ, P < 0.05 (n = 6).
LITERATURE CITED
